Some of the constituent amino-acids of fibroin (degummed silk) are determined. Special attention is directed to histidine, owing to its use in the calculation of the molecular weight of fibroin. A value of 0*45 % has been found by methods in which the histidine is isolated as nitranilate or di-(3:4-dichlorobenzenesulphonate). Other values obtained are serine 12*6%, threonine 1-5 %, tyrosine 10*6 %, and proline 1*5 %. Hydroxyproline appears to be absent, but the presence of small amounts of some hydroxyamino-acid other than serine and threonine is indicated.
Introduction
The thread extruded by the silkworm, Bombyx mori, consists essentially of two proteins, one of which (fibroin) forms the substance of the two component fila ments and the other (sericin) a cementing material coating the two filaments and joining them together. The sericin layer is readily removed by mild alkalis, e.g. by boiling soap solution, leaving the filaments of fibroin in a fairly pure condition. Subsequent treatm ent of the fibrous protein with dilute acetic acid, followed by extensive washing with distilled water, yields a protein material of high purity. This ease of preparation probably accounts for the early attention th at fibroin received (mainly by Fischer and his pupils) and for the extensive data th at have been published for its constitution.
The great disadvantage attending work on fibroin in the past had been its insolubility, even in dilute acids or alkalis. I t is possible, however, to convert this insoluble fibrous protein into a form th a t is freely soluble in water, which con siderably broadens the field of investigation.
The problem of the structure of fibroin is inseparably bound up with its aminoacid composition, especially in the light of the Bergmann-Niemann theory of periodicity of amino-acid distribution. Fibroin, with its freedom from cystine and methionine, has a relatively simple amino-acid composition, and an extension of the available analytical data (see permits the advancement of a structural theory th at is compatible with the composition of the fibroin molecule and of a possible explanation of the characteristic properties th at are a reflexion of its biological role.
E xperimental

A. Determination of some amino-acids in fibroin (i)
Histidine. The histidine content of 0-07 % found by Vickery & Block (1931) has been generally accepted for fibroin. An examination of the analytical method used by these workers, however, indicated th at this value is probably too low. The method first adopted was a modification of the combined procedures described by Block (1934 Block ( , 1940 , the histidine being isolated as nitranilate. This method gave an actual yield of 0-21 %, and evidence was obtained th at absorption losses (due to the use of baryta as hydrolyzing agent) had occurred, indicating th at the true content was higher than this value. Subsequently, a modification of the method of Vickery & Winternitz (1944) was applied to hydrochloric-acid hydrolysates of fibroin, and this gave yields of histidine [isolated as di-(3:4-dichlorobenzene-sulphonate) or nitranilate] of the order of 0-30 to 0-35 %. During the development of this latter method, it was found th at the silver salt of histidine has an appreciable solubility (of the order of 0*001 %) in the aqueous media used in precipitation and washing and, if allowance is made for this solubility, final values of 0*40 to 0*45 % are obtained.* (ii) Serine and threonine. The presence of relatively large amounts of serine in fibroin was not suspected until 1941 when Nicolet & Saidel (1941) , following up some work on the oxidation of hydroxy-acids with periodic acid, utilized this reagent for the determination of serine and threonine in a silk fibroin hydrolysate. They found 13-6 % of serine and 1-28 % of threonine. Subsequent determinations by Bergmann (1941) , Martin & Synge (1941) , and Gordon, Martin & Synge (1943) , do not show satisfactory agreement. In the present work, the method described by Nicolet was used for serine and threonine and, in addition, the total hydroxyamino-N was determined by titration of the ammonia formed in the periodate oxidation of the hydrolysate. The mean values obtained for serine and threonine were 12-60 and 1-51 %, respectively; these values correspond to a hydroxyaminoacid-N of 10-13 % of the total N, and the found value of 11-1 % may indicate the presence of small amounts of some other hydroxyamino-acid, e.g. /^-hydroxyglutamic.
(iii) Tyrosine. There is also some divergence in the literature regarding the content of tyrosine in fibroin (Meyer, Fuld & Klemm 1940) . Application of the colorimetric method of Zuverkalov (1927) gave a mean value of 10-60 %.
(iv) Proline. Attempts to separate proline as the alcohol-soluble copper salt were unsuccessful. The colorimetric method of Guest (1939) gave reproducible results, and a mean value of 1-50 % for fibroin hydrolyzed by baryta was obtained. Hydroxyproline was not found by this method.
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B. Determination of mean residue weight of fibroin
The mean residue weight (m.r.w.) of some proteins can be calculated with fair accuracy from available X-ray and density data. W ith fibroin, however, no definite value has been assigned to the side-chain spacing as found by X-rays. K ratky & Kuriyama (1931) deduced a spacing of 4-5 to 6-1 A, and from this it follows that, for a density of 1-4, the m.r .w. is between 62 and 84. The method often adopted is th a t of calculating the value from the number of gram-residues of each aminoacid in 100 g. of the protein, the accuracy being dependent on the availability and accuracy of the analytical data (cf. Astbury 1934). Bergmann & Niemann (1938) used this method, but their value of 84 for the m.r .w. is a miscalculation, the data used giving 70-1. The method of Chibnall (1942) is an improvement, the value being calculated from the N content after making allowances for the non-peptide-N in the molecule. Thus with fibroin (100 g.), the N content of which was found to be 18-35 % in agreement with Colombo (1932) , the non-peptide-N (due to arginine, lysine and histidine) is 0-395 g. (see table 2), and hence the peptide-N is 18-350 -0-395= 17-955 g. and the m.r .w. is 1400/17-955 = 77-96. Yet another method of determining the m.r.w . is by hydrolyzing a known weight of the protein and weighing the amino-acids obtained (Chibnall 1942) . A typical analysis of fibroin by this method is given in table 1. A value of 80 was obtained as the mean of several determinations th at varied from 76 to 84. No greater accuracy could be expected, since the hydrolysis yields appreciable amounts of products other than aminoacids and also any error in the total N is multiplied five times in the final result. A new method for the determination of m.r.w . depends on analysis of the complex formed between fibroin and cupri-ethylenediamine (cf. Takamatsu 1933). Fibroin dissolves readily in cupri-ethylenediamine (prepared by dissolving cupric hydroxide in aqueous ethylenediamine),* and the resulting solution yields on addition of alcohol a precipitate of the complex. The question of complex formation between copper and proteins is of some importance. Jesserer & Lieben (1937) found th at alkaline copper-protein solutions had a saturation value of Cu :N ratio 1:6, but subsequently Kiintzel & Droscher (1940) obtained a ratio of 1:2-38 for gelatin and normal saturation ratios of 1:6-9 for caseinogen and 1:4-1 for ovalbumin; the latter gave unstable saturation systems with a ratio as low as 1:1-25. I t was found th at fibroin yielded a complex of a more constant composition than is indicated by these observations. Experiments on the effect of concentration of En and Cu(OH)2 on the solubility of fibroin showed th at (i) with a constant con centration of Cu(OH)2 of 0-10 g.mol./l., an increase in concentration of En of from 0-216 to 1-296 g.mol./l. produced a steady diminution in solubility of fibroin and (ii) successive dippings of samples of fibroin (in the form of degummed silk cloth) in a solution containing 0-15g.mol. of Cu(OH)2 and 0-180 g.mol. of En per 1. resulted in the removal of only 50 % of the En from the solution, whilst, if excess of Cu(OH)2 were present, En was completely removed from the solution. It follows th a t the mechanism of the dissolution of fibroin in cupri-ethylenediamine may be represented by the equations:
where F is the combining equivalent of fibroin. For the determination of m.r .w., fibroin (2 g.) was dissolved in 6/8 CuEn (100 m l.); approximately 5 vol. of methanol were added and the resulting viscous precipitate was separated by decantation and washed with methanol until the washings were colourless. The residue was then dissolved in water and the solution made up to 100 ml. Aliquots were analyzed for total N, Cu (wet digestion and iodometric titration), amino-N (Van Slyke), and fibroin-N (acidification and precipitation of fibroin by acetone). The mean molecular ratio of C u: E n :fibroin-N obtained (9 determinations) was 1:0-98:1-92. The inter pretation of the Cu :fibroin-N ratio of 1:1-92 necessitates some consideration. The alkalinity of the CuEn reagent should result in combination of the CuEn with the tyrosine hydroxyl groups, and this supposition was supported by the following experiments.
(i) Carvacrol (2 ml.) was mixed with 12/16 CuEn (10 ml.) at room temperature. The mixture formed an almost solid crystalline mass with evolution of heat. After cooling a t 5° C, it was pressed out on a porous plate and washed on the plate with minimum amounts of methanol followed by anhydrous ether. The product was cupri-ethylenediamine dicarvacrol, no definite melting-point, readily decomposing on heating (N 12-85 %, Cu 11-45 %; calc, for CuEn2 [. 0 . C6H 3(Me) (CHMe2)]2, N 13-2 %, Cu 11-55 %).
(ii) Tyrosine ethyl ester hydrochloride, m.p. 104 to 105° C (uncorr.) (N 6-85 % ; calc. 6-70 %), prepared by the method of Fischer (1901) , was ground up in a m ortar with acetic anhydride (1-26 mol.) for 10 min. W ater was added and, after mixing, the mixture was filtered. The solid residue was crystallized twice from ethanol to give IS-acetyltyrosine ethyl ester, m.p. 77-5 to 78-5° C (uncorr.) (N 5-53 %; calc, for H 0 .C 6H4.CH2.CH(NHAc).C02E t, 5-58 %). The compound was soluble in dilute NaOH but insoluble in dilute Na2C 03, indicating the phenolic hydroxyl group to be free. Attempts to prepare the CuEn2 derivative failed, but the solubility of the ester (1 ml. of 6/8 CuEn dissolved 0*47 g.) indicated the formation of cupriethylenediamine di-(AT-acetyltyrosine ethyl ester) (theoretically 0-484 g.).
Hence in the relation th at 1 g.-atom of Cu combines with 1-92 x 5-45 x 14= 147 g. of fibroin, allowance must be made for the number of g.-atoms of Cu combined with the tyrosine in 147 g. of fibroin, viz. 10-6/362 x 147/100 = 0-043. This means th at 0-957 g.-atoms of Cu combine (via the peptide-N) with 147 g. of fibroin, and the m.r.w . is therefore 147/2 x 0-957 = 76-8. I t will also be observed from the data for distribution of N in fibroin (table 2) th at for 100 g. of fibroin there are 1-3107-1-2820 g.equiv. of peptide-N and 1-2820 + 0-0586=1-3406 g.equiv. of peptide-N + tyrosine hydroxyls, providing it is assumed th at the unknown amino-acids contain no reactive N apart from a single amino-N. I t follows th at each g.-atom of Cu combines with 1-92 x 1-3406/1-3107 = 1-964 g.equiv. of peptide-N, and this justifies a picture of copper atoms each being linked to two atoms of peptide-N along practically the whole length of the protein chain.
From the results of the above three methods, a m.r.w . of 78 mayr be suggested as a fairly accurate value for fibroin. The availability of this value makes it possible to construct a table (table 2) of the amino-acid distribution in fibroin th at is more complete than that given by Bergmann & Niemann (1938) and somewhat more accurate than th at given by ; the table is based on the amino-acid figures given above and on the most recently determined figures for the other principal amino-acids, viz. glycine and leucine (Moore & Stein 1943) , alanine (Gordon et al. 1943), valine and arginine (McMahan & Snell 1944) . The histidine content of fibroin has been taken as 0-47 % so as to be compatible with the mole cular weight of fibroin (described later in this paper); similarly, the value of 0*25 % for lysine given by Vickery & Block (1931) has been changed to 0-44 %. No allowance has been made for amide-N, for the experimental work (described below) indicated that the content of amide-N in fibroin is either nil or negligible. I t will be seen from table 2 th at 20 % of the protein is still unidentified. From the m.r.w . of 78 0, the number of g.equiv. of anhydro-residue in 100 g. of fibroin is 1*2820; hence the corresponding number unidentified is 0*1926. There being 20*56 g. of unidentified anhydro-residues, it follows th at the m.r.w . of this fraction is 107, i.e. the mean molecular weight is 125. The presence of phenylalanine and aspartic and glutamic acids has been reported by Fischer and others and the mean mole cular weight of 125 for the missing amino-acids is probably due to these acids, and, possibly, to one or more of the three isomeric leucines (mol. wt. 131). C. Amide-nitrogen content of fibroin The production of ammonia by hydrolysis of proteins with acids is usually ascribed to the presence of amide-N linkages in the molecule. The first serious consideration of this type of nitrogen was due to Osborne, Leavenworth & Brautlecht (1908) , who pointed out that the ammonia would be quantitatively accounted for if it were assumed to arise from hydrolysis of amide groupings formed from carboxyl groups of the dicarboxylic acid residues. More direct evidence for the presence of amide groups was provided by Damodaran (1932) and by Damodaran, Jaaback & Chibnall (1932) who isolated asparagine from enzymic hydrolysates of edestin and gliadin. Methods a t present in use for the determination of amide-N are mainly based on the controlled hydrolysis of the protein by mineral acids and, owing to the importance th at has recently been attached .to the significance of amide groups in protein structure, it is desirable to examine these methods somewhat critically.
A preliminary indication of the amide-N of fibroin is afforded by an examination of its hydrolysis by O lN-NaOH, a reagent th a t may be assumed to decompose amide groups with liberation of the equivalent amount of ammonia. Using an ordinary Kjeldahl distillation apparatus, 1*0 g. of dry fibroin was boiled with 200 ml. of O-lN-NaOH and the evolved ammonia absorbed in 25 ml. of 2 % boric acid. The receiver was changed a t intervals, the contents being made up to 250 ml. and aliquots titrated with O-OIn-HCL It was necessary to run water into the dis tilling flask a t the same rate as the distillation proceeded, in order to maintain the alkali a t the same concentration. The rate of liberation of ammonia is shown by the curve in figure 1. This curve shows th at a maximum of 9 % of the total nitrogen is obtained as ammonia, a value which corresponds closely to the serine content of fibroin. In this connexion, Nicolet & Shinn (1941) refluxed silk fibroin with OlN-NaOH for 2 hr. and found the serine-1-threonine content to decrease by 0-556 m.equiv./g., corresponding to an ammonia loss of 0-778 g. of nitrogen per 100 g. of fibroin, a value th at falls on the curve in figure 1. These results, together with the absence of an inflexion in the curve of figure 1, suggest th at there is no amide-N in fibroin, for it is very unlikely th at any true amide-N in the molecule would resist the hydrolysis for 2 hr. According to Chibnall (1942) , however, the amide groups may be linked to other carboxyl groups to give linkages of the type -(CH2)2-CO-NH-CO-CHjR-, but Bergell & Feigl (1908) have found th a t diglycinimide, NH 2-CH2-CO-NH-CO-CH2-NH 2, is readily hydrolyzed by time (min.)
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alkali to the acid NH(CH2COOH)2, whilst we have found th a t phthalimide is hydrolyzed to phthalic acid on boiling with OlN-NaOH (50 mg. of phthalimide in 200 ml. of the alkali is decomposed to the extent of 24 % in 2 hr.). These observa tions indicate th at fibroin is essentially free from amide groups. The amount of ammonia-N formed on digesting fibroin with acids depends, as with most proteins, on the conditions employed. Hydrolysis by boiling 8 nsulphuric acid for 16 to 20 hr. gives 2 to 3 % of the total nitrogen as ammonia-N. Chibnall (1942) records a value of 2-2 %, but does not state the method employed. Gordon et al. (1941) recommend hydrolysis by 8N-hydrochloric acid at 37° C, and in our hands, this method has given values of 0-92 % (of the total N) after 4 days increasing steadily to 1-33 % after 20 days of hydrolysis. This ammonia-N does not represent amide-N of the fibroin molecule. I t appears advisable to postpone unqualified acceptance of the published data for the amide-N of proteins until a more reliable method of determination has been established.
D. Preparation and properties of dispersed and water-soluble forms of fibroin
In order to determine the extent of chemical degradation in degummed silk threads, a fluidity test along similar lines to that of Clibbens et al. (1928 Clibbens et al. ( , 1936 for cellulose was devised by Garrett & Howitt (1941) . During the development of this test, it became apparent that the fibroin could be converted into a water-soluble form. For the test, the degummed silk is dissolved in 6/8 CuEn to give a solution 10 % (w/v) in fibroin and, after exactly 3 min. from the commencement of dis solution, the solution is neutralized with an equal volume of l*25N-acetic acid, the resulting solution (pH approx. 8) being th at used for viscometric examination. Dialysis of the neutralized solution results in removal of cupri-ethylenediamine diacetate and, if the final stages of dialysis are carried out in the presence of KCN, a slightly opalescent, copper-free protein solution is produced. If the dialysis is continued for about 2 weeks, part of the fibroin precipitates in the form of micro scopic fibrils about 10 pi n length (figure 10, plate 5). Usually, however dialysis is not unduly prolonged, the solution remains fairly clear for about 14 days and then suddenly sets to a gel. One outstanding property of the water-soluble fibroin is its high surface activity. Vigorous stirring removes the whole of the pro tein from solution in an hour or less. When poured from one vessel to another, the solution leaves solid fibroin in the form of fibres on the sides of the vessels. There is invariably a solid film on the surface of the liquid, which on removal to a micro scope slide has the appearance shown in figure 11 , plate 5.
The protein material in aqueous solution could be completely precipitated by the usual protein-precipitating reagents, e.g. trichloroacetic acid, alcohol, acetone, the material thus precipitated being completely insoluble in water. It was first established that all of the fibroin (determined as nitrogen) could be recovered in the water-soluble form, excepting for 2 to 3 % th at was obviously due to small amounts of material that became insoluble and adhered to the inside of the dialysis shell. In no instance could protein-or peptide-N be detected in concentrates of the liquid from outside of the dialysis shell. I t was then necessary to be sure th at no or little degradation of the protein molecule occurs during the solubilization process. The degree of degradation was followed by means of the change in (i) fluidity, (ii) amino-N, and (iii) titration data.
(i) Fluidity. Degummed silk (5 g.) was dissolved in 100 ml. of 6/8 solvent, the solution was neutralized after 3 min. and, after determination of fluidity, the protein was precipitated by pouring the solution, with stirring, into six times its volume of acetone. The powder thus produced was washed several times with acetone fol lowed by ether and finally dried in a vacuum desiccator. This dissolution and reprecipitation was twice repeated. The increases in fluidity (in reciprocal poises), viz. 5*5->7-4->8*6->9*5, corresponded to molecular weights (interpolated from osmotic pressure-fluidity data, to which reference is made later) of 32,800, 32,100, 31,200 and 30,700 respectively.
(ii) im ino-N . Aqueous suspensions of each of the powder preparations described under (i) wefe introduced into the reaction chamber of the Van Slyke micro apparatus and deaminated in the usual way. The preparations did not show any significant difference in amino-N content, the mean value of which was 0-15 % (range 0*13 to 0-17 %) for the dry materials.
(iii) Titration data, (a) Silk fibre. Samples (2-0 g.) of degummed silk (rendered ash-free by soaking in 0-02N-acetic acid for 24 hr. and subsequent washing with distilled water) containing 8-9 % of moisture, were allowed to reach equilibrium a t 20° C with 100 ml. of HC1 or NaOH of various concentrations. After 48 hr. the amounts of acid or alkali left in the solutions were determined by means of the glass electrode for pH values between 2 and 12, and by titration for values outside this range. The amount taken up by the silk was then found by difference. ( F i broin powder. Fibroin powder was prepared as described under (i), except th at the powder after precipitation was washed with dilute HC1 in order to remove traces of residual copper (shown by testing with Na diethyldithiocarbamate) and then exhaustively washed with distilled water. Titration data were obtained by the same procedure as employed for the fibrous material.
The results, shown graphically in figure 2, indicate th at the acid-and alkali combining power of fibroin powder is slightly less than th at of the initial fibrous material; it may be taken that the degradation occurring during regeneration is negligible. The data show th at the maximum amount of HC1 bound is about 15 ml. of N-solution per 100 g. of fibroin. This figure appears reasonable since the free amino-N, 0-15 %, is equivalent to 11-0 ml. of N-acid and the basic non-amino-N would somewhat increase this figure. The results are in agreement with those of Harris (1941) ; the higher value given by the earlier work of Lloyd & Bidder (1935) was probably due to extraneous m atter present in the fibroin used. According to the work of his associates (1934, 1938) on zein, ovalbumin, globin, and other proteins, the lack of combination with acid or alkali between pH 3-3 and 8 0 is due to the almost complete absence of free carboxyl groups, and the flatness of the curve between pH 7 and 9 to the small number of glyoxaline groups. Above pH 8, combination with alkali is attributed to the tyrosine groups; this confirms the results of Harris (1941) . From the tyrosine content of fibroin (10-6 %), a maximum combination of 59-0 ml. of N-NaOH is to be expected. The curve shows th at this degree of combination is apparently reached at about pH 12-9; if the curve had been taken above pH 13, an inflexion might have been expected to occur between tyrosine combination and combination due to -CO-NH-linkages. The lack of acidic and basic groups in fibroin obviously precludes a well-defined isoelectric point. An interesting feature of the solutions of fibroin prepared as described above was their behaviour on acidification. For the solutions prepared with a period of 3 min. between dissolution in 6/8 solvent and neutralization, about two-thirds of the protein material was precipitated as a mucilaginous mass on adjustment of the reaction to below pH 5. This precipitation resulted in a clarification of the solution, the residual protein solution being water-clear. I t appeared, therefore, th at there existed in the initial solution two fractions, one of protein material in a dispersed state and the other of protein material in a water-soluble form. When the solution of fibroin in 6/8 CuEn is left for various times before the neutralization and sub sequent dialysis procedure, the proportion of protein not precipitated by acidifica tion to pH 3 increases during the first 10 min. and then remains constant. This effect of the time factor is shown in table 3, for which 5-0 g. of air-dried fibroin was dissolved in 50 ml. of 6/8 solvent and the solution left for various times before neutralization. The highest proportion of water-soluble (as distinct from dispersed) protein produced under the conditions used appeared to be about 50 % and it was of immediate interest to ascertain whether or not this yield could be increased. The fibroin is primarily maintained in solution by the CuEn reagent and, as is shown below, molecular weight determinations indicate th at complete molecular dispersion occurs within 3 min. under these conditions, i.e. the reactants of the system are available probably immediately after dissolution of the fibroin. The data given in table 3 point to the establishment of a half-way equilibrium between dispersed and water-soluble forms of fibroin (as CuEn complexes) and this equili brium should be shifted by a change in the concentration of CuEn reagent. This actually occurred, for when fibroin (5-0 g.) was kept for 10 min. in a 12/16 solvent (50 ml.) before neutralization, the resulting protein solution gave no precipitate when acidified to pH 3. The water-soluble protein in 2 to 3 % concentration is precipitated completely by (i) an equal volume of alcohol or acetone, (ii) the addition of 2 % of trichloro acetic acid, or (iii) saturation with inorganic salts, e.g. NaCl, (NH4)2S04, MgS04, N aP 0 3. However precipitated from its aqueous solution, the protein becomes insoluble in water. Since most proteins th at are precipitated by acetone at tem peratures below 5° C will dissolve again in water, precipitation of the watersoluble fibroin was carried out at -60° C ; the precipitate was again completely insoluble in water. Examination of solutions of 50 % of dispersed and 50 % of water-soluble ('50/50 m ixture') or of 100% water-soluble protein gave the following results.
(а) Stability. Neutral solutions 1 to 3 % in total protein and containing approxi mately equal parts of dispersed and water-soluble forms of fibroin (50/50 mixture) are stable at room temperatures for about 14 days after preparation and then set to a solid gel of insoluble protein. The water-soluble form of fibroin in 1 to 2 % solution a t room temperature is less stable than is the 50/50 mixture and gels within about 4 days of preparation, or less if the solution is maintained a t an acid reaction. A remarkable property of the water-soluble preparation is th a t heating to 100° C for 10 min. does not result in any coagulation of the protein or in the formation of an opalescence in the liquid. The 50/50 mixture also shows no early sign of coagulation on heating to 100° C.
(б) Molecular w e i g h t .* The insolubility of fibroin in the usual protein solv has so far prevented the direct determination of its molecular weight. Two values are reported in the literature, viz. 300 by Herzog (1928) and 217,700 by Bergmann & Niemann (1938) ; the former value was obtained from data for depression of the melting-point of resorcinol by fibroin (which is considerably degraded by the dis solution) and the latter by a calculation based on a histidine content of 0*07 % determined by Vickery & Block (1931) . The present preparations of fibroin are well adapted to osmotic-pressure measurements since there is no combination with acid or alkali. Solutions a t pH 7 and free from electrolytes were examined by the static method of Burk & Greenberg (1930) , the apparatus being immersed in a thermostat at 20° C and the manometric level observed a t intervals by a cathetometer. Equilibrium was reached in 5 to 6 days. A check on the method was provided by an examination of edestin hydrochloride (freshly prepared from hemp seed) in water. The osmotic pressure, recorded in centimetres of water, for the edestin solution (pH 3-63) agreed with that derived by extrapolation from the curve given by Burk & Greenberg (1930) for the osmotic pressure of edestin in 6M-urea solution at various values of pH. The osmotic pressures of preparations of the 50/50 mixture (0*5 to 3-0 % in total protein) were found to be independent of type of membrane (cellophane or parchment) and of the direction of approach to the equilibrium hydrostatic pressure (Adair 1925; Roche, Roche, Adair & Adair 1932) . The results (figure 3) show that for concentrations below 1*5 % a linear relationship is followed (the deviation for concentrations of 1-5 to 3-0 % is slight) and hence for such solutions the Van't Hoff relationship, m .w . = RTc/p, is applicable. These results were obtained on fibroin that had been dissolved in the 6/8 solvent for 10 min. before neutralizing and it is possible that a small amount of degradation of the protein had occurred. Accordingly, measurements were also made on fibroin th at had been dissolved for 3 and 5 min., respectively; the neutralized solutions had fluidities of 5-0 and 7-5 reciprocal poises. As is seen from figure 4 (points indicated by arrows), the mole cular weights determined on these two solutions are slightly and progressively higher than is th at obtaining for the 50/50 mixture (10 min. dissolution). The question of immediate interest is the comparison of the molecular weights of the dispersed and soluble protein. After separating the dispersed fibroin from a 50/50 mixture by precipitation with dilute acid measurements were carried out on solu tions of the soluble product alone. A value of 33,000 was obtained and this is not significantly different from that for the dispersed protein, a 50/50 mixture giving the same value ± 1000 (figures 3, 4). The complete range of molecular weights (33,000->7,000) and fluidities (5-0~>44-0) were determined for fibroin and its degradation products (alkali hydrolysis) by the usual 10 min. dissolution procedure and are shown in figure 4 . The relationship between molecular weight and fluidity is linear, as is also the amino-N-fluidity relation (figure 5) over the first half of the fluidity range and for both acid-and alkali-hydrolyzed fibroin. Above fluidity 44, silk has lost its fibrous properties, i.e. it disintegrates to a powder; at this point the molecular weight is about 7,000. This is in agreement with the work of Carothers (1940) who showed that when a polymeric series is ascended, fibrous characteristics first appear when the average chain-length corresponds to a molecular weight of about 10,000. (c) Titration curves: ultra-violet absorption spectra: tyrosine-hydroxyl groups. A 50/50-mixture preparation of fibroin was titrated with 0-1 N-NaOH by means of the glass electrode. The solution could not be titrated on the acid side since the dispersed protein separated out a t pH 4 to 5. For the titration of the soluble fibroin, the mixture was first acidified and the precipitate removed in the centrifuge. The solution was then adjusted to pH 7 and one aliquot was titrated with 0-1 N-NaOH and another with 0-1 n-HCI. All the titrations were performed four times and the data from one of these experiments are shown in figure 6 . Comparison of the two curves is possible only above pH 5 for which it is seen th at the dispersed fibroin combines with more alkali over the range pH 7 to 11*5 than does the soluble. Above pH 11-5, the uptake of alkali is about the same. The explanation of this divergence appears at first sight to be related to the observations of Crammer & Neuberger (1943) , who determined the ultra-violet absorption spectra of tyrosine and tyrosinecontaining proteins. These workers found th at native ovalbumin contained none or few ionizable phenolic groups and they postulated th at in the native protein the phenolic groups are bound in a linkage, possibly a hydrogen bond. On denaturation, this bond is broken and the phenolic groups ionize to a greater extent. We have found, however, th at this difference in ionization does not obtain between dis persed and soluble fibroin. Solutions of soluble fibroin and of 50/50 mixture, both 0-1 % in total protein, were examined for ultra-violet absorption by means of a sector spectrophotometer with a hydrogen discharge tube as source of ultra-violet light. The curves obtained for molecular extinction coefficient against wave-length with the solutions a t pH 11*0 and 12-0 (by glass electrode) are shown in figure 7, from which it is seen th at there is no significant difference in ultra-violet absorption between the two forms of fibroin over the range of 260 to 310m//. That this absence of change in the availability of tyrosine is not incompatible with the titration data is evident from the following considerations. The number of phenolic groups ionized per molecule of fibroin at pH 11 or 12 can be calculated from the absorption curves for tyrosine given by Crammer & Neuberger. At pH 11, the molecular extinction coefficient e x 10~4 is 3-60 at A = 295m//, at which wave-length the value e x 10~4 for tyrosine at pH 11 is 0-23. Hence the number of phenolic groups ionized per molecule is 3-60/0-23= 15-6. The corresponding value for A = 300m// is 2-90/0-197 = 14-7. Since there are about 20 tyrosine residues per molecule, it follows th at about 75 % of the phenolic groups are ionized at pH 11. The titration data, however, indicate th at at pH 11 soluble fibroin combines with 60 ml. of N-NaOH per 100 g. and dispersed fibroin with 86 ml. Since the whole of the tyrosine if present in titratable form would combine with 59 ml. of N-NaOH, it follows th at at pH 11 about 15 ml. of N-NaOH are combined with other acidic groups in the soluble protein and about 40 ml. in the dispersed protein. Thus there appears to be a difference in the base-combining power of the two forms of fibroin th at is due to differences in availability of some group or groups other than phenolic, the nature of which is at present not clear. The equal availability of tyrosine phenolic groups in the two forms was confirmed by an examination of their rates of oxidation by potassium ferricyanide solution (cf. Mirsky & Anson 1936) .
The rate of oxidation of tyrosine under standard conditions was first investi gated. 0-5 ml. of 0-1 % tyrosine + 1-0 ml. of N/20-carbonate-bicarbonate buffer at pH 11 + 0-2 ml. of M/2-potassium ferricyanide were left for set times. The amount of ferrocyanide produced was then determined by adding 5 ml. of the ferric iron F igure 6. Titration curves of 100 %-( A ) and 50 %-renatured (© ) aqueous fibroin solutions. solution of Folin & Malmros (1929) and comparing the blue colour with th a t given by a standard prepared by adding 1-0 ml. of 0-1 % potassium ferrocyanide to 5 ml. of ferric iron solution and 0-7 ml. of water. The curve of ferrocyanide produced against time showed two flat portions. The tyrosine was oxidized rapidly during the first 20 min. and thereafter the amount of ferrocyanide produced remained constant (at 4 mg.) for 2 hr., corresponding to 2 atoms of oxygen per molecule of tyrosine. The second flat portion occurred after 24 hr. at 6-6 mg. of ferrocyanide.
Whilst intact silk filaments had no action on the potassium ferricyanide solution, both the soluble and the 50 %-dispersed fibroin showed a marked reducing action. The extent of reduction was the same for both types of protein and was about twice as great as obtained for the equivalent amount of tyrosine under the same conditions. Thus with a reaction time of 1 hr., the tyrosine in the fibroin molecule apparently utilized about 4 atoms of oxygen per residue. There is a possibility th a t some amino-acid residue other than tyrosine is responsible for the extra reducing action, but it was found th at serine, phenylalanine, leucylglycylglycine, proline, and hydroxyproline did not reduce ferricyanide under the above conditions.
(d) Optical r o t a t i o n . Preparations of the soluble fibroin and of the 50/50 mixtu were examined in a polarimeter in a 20 cm. tube, jacketed with water a t 15° C, a sodium vapour lamp being the source of light. The results are given in table 4. o determinations were made below pH 5-0, owing to the development of an opacity in the solution at low pH values. The fact th a t the rotation of solutions of soluble fibroin remains unchanged after the solution has been heated to 100° C and then cooled emphasizes its remarkable stability to heat. There is no sign of coagulation, the solution remaining quite clear.
(e) Primary effect of tryptic hydrolysis. The work of Lin, Wu & Chen (1928) on ovalbumin and of Linderstrom-Lang (1939) on lactoglobulin indicated th at the enzymic digestion of proteins proceeds more rapidly with the denatured than with the native form. This was confirmed by Bernheim, Neurath & Erickson (1942) with horse serum-albumin and -globulin. In the present work on fibroin, the tryptic digestion of a 50/50 mixture was compared with th at of a solution of soluble fibroin of the same concentration of total protein. With systems of 100 ml. of a 1 % solution of protein in M/30-phosphate buffer at pH 7-8 and containing 25 mg of trypsin (B.P.), no significant difference in the rate of hydrolysis at 37° C (measured by liberation of amino-N) was observed between the two forms of protein. After digestion for a few minutes, however, both solutions deposited a white, amorphous material and this deposition continued at a rate th at was greater with the 100 %-soluble than with the 50/50 mixture. The precipitated material (production of which ceased after digestion for about 2 hr.) was insoluble in dilute acids and alkalis and had a remarkably low content of tyrosine. I t could be made watersoluble by the CuEn regeneration method but the product was invariably far less stable than were regenerated preparations of fibroin. Some of the preparations of the regenerated precipitate were sufficiently stable to permit examination of their molecular complexity by fluidity determinations, but in order to measure their osmotic pressure it was necessary to add to the precipitated material a definite amount of fibroin of known molecular weight before regeneration and, further, to make the dialysed solution 6 m in urea in order to give a solution of adequate stability. The material deposited at the end of the 2 hr. digestion period had a molecular weight of the order of 2000 to 3000, whilst th at deposited during the first 10 min. gave a value of 8000 to 10,000. Preparations of the latter type, which had been freed from trypsin by washing in 0-1 n -HCI at 0° C before examination for molecular weight, etc., contained 1 % or less of tyrosine and no proline.
(/) Viscosity. Aqueous solutions of the 50/50 mixture and of soluble fibroin were prepared by the usual methods and the concentrations of the solutions were adjusted so th a t both types were 0*76 % in total protein. The viscosity of these solutions was measured in a viscometer similar to th a t used by Garrett & Howitt (1941) excepting th a t the capillary diameter was approximately one-quarter of th a t of the viscometer described. The viscosities obtained were 1-46 and 1-75 centipoises for the solutions of soluble fibroin and 50/50 mixture, respectively.
(g) Films and filaments. As stated above, it was not found possible to precipitate the soluble fibroin in a water-soluble form by the use of protein precipitants. However, a thin layer of the aqueous solution on a mercury surface in a vacuum desiccator over phosphorus pentoxide yielded a transparent film of fibroin th a t was soluble in water. When slightly moistened, the film was fragile but could be stretched to about three times its original length. This stretching resulted in a large increase in tensile strength and resistance to tear, the stretched film being completely insoluble in water, and strongly birefringent when examined through crossed Nicols. Both stretched and unstretched films gave an X-ray picture identical with th at of fibroin powder and corresponding to the spacing shown by degummed silk fibres, i.e. the /?-keratin pattern of Astbury (it was established th a t the process of examining the unstretched, water-soluble film by X-rays did not produce in solubilization of the film). In order to obtain water-soluble films, it is necessary to centrifuge the solution before use and to carry out the vacuum drying as rapidly as possible: failure to comply with these conditions results in the production of slightly opaque films, which are not, or only slightly, soluble in water, do not readily stretch and, when stretched, do not show birefringence or any apparent increase in tensile strength.
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Vol. 190 A 11 Concentrated (about 10 %) solutions of fibroin could be prepared by partial drying in a vacuum and from such solutions fine fibrils could be drawn th at showed a tensile strength approximately one-third to one-half of th at of natural silk filaments. X-ray examination of these fibrils indicated th at the low tensile strength was due to lack of molecular orientation.
(h) Crystallizability. Some eighty or more attempts were made to crystallize fibroinogen but, despite numerous variations in experimental technique, no un qualified success was achieved. The nearest approach to a crystalline product, obtained by slow separation from a glycerophosphate buffer at pH 6 in presence of zinc ions, is shown in figure 12 , plate 5; this product was only partly watersoluble.
Discussion
A. Reasons for believing the water-soluble preparation to be renatured fibroin
During the past decade, much attention has been directed to the conversion of globular proteins of ready solubility in water or dilute solutions of electrolytes into fibrous proteins th a t are characterized by their relative insolubility. Such a conversion has been achieved with certain proteins (e.g. ovalbumin, casein, peanut globulin) in which the formation of a fibre is entirely divorced from the natural function of the proteins. There are, however, many reasons for considering th a t it would be more fruitful, a t least from a strictly academic viewpoint, to consider instances where the conversion of a water-soluble into a fibrous protein represents the fundamental role of the protein. Such a protein is fibroin, which occurs in a water-soluble form in the silk gland and, during the process of extrusion through the spinneret, is converted into an insoluble fibrous form in order to construct the habitat for the next metamorphous stage of the silkworm. Although the possi bility of an enzymic mechanism for this conversion has not been disproved (see Gilson 1904), most workers have concluded th at the insolubilization is due to the mechanical stresses set up on extruding a viscous mass through a fine orifice (see, for example, Foa 1912). The truth of the latter explanation would imply th at the insolubilization of the silk-gland protein is a relatively simple process in which linkings such as those of primary valency are not involved: the possibility of its reversal in the laboratory is therefore not to be excluded. Treatment of the in soluble fibroin with cupri-ethylenediamine reagent converts the protein partly or wholly into a water-soluble form; with relatively low concentrations of the reagent, part of the fibroin is produced in a dispersed state th at is readily coagulated by acidification. The data obtained indicate th at the reaction by which the CuEnfibroin complex changes to the CuEn complex of the soluble form follows the normal chemical laws. Regeneration of the cupri-ethylenediamine complex by neutraliza tion yields unchanged fibroin in a dispersed state and changed fibroin in a watersoluble form. The main point of interest is the nature of this conversion. I t has been established to a reasonable extent that the conversion is attended by no significant change in amino-N content or titration data and th at no liberation of diffusible amino-acids or peptides occurs. The change in molecular weight is very small and, from the aspect of long-chain molecules of a more or less repetitive pattern, the difference between the dispersed and water-soluble forms is negligible. I t appears, therefore, th a t we are concerned with a rearrangement of the intact molecule, which, according to the equal accessibility of tyrosine-hydroxyl groups in dispersed and water-soluble forms, must be of a relatively simple nature. The values of the viscosity of the 50/50 mixture and of the water-soluble form indicate th a t solubilization is attended by a diminution in the degree of dyssymmetry of the molecule and the picture th at can be tentatively drawn is one of a folding of a mole cule that is accepted to be in the form of a long extended chain. Such a conclusion leads to the following interpretation of the general mechanism of the reactions attending dissolution of the fibrous protein in cupri-ethylenediamine reagent.
The natural silk filament consists of extended polypeptide chains in high degree of alinement along the axis of the fibre, the nature of the chain being such th a t intermolecular binding, an important factor in fibre strength, is mainly due to hydrogen bonds between adjacent :CO and :NH groups of the peptide linkings. On treatm ent with cupri-ethylenediamine, these bonds are broken by complex formation between CuEn and :NH groups. Subsequent neutralization with acetic acid as soon as possible after dissolution results in the decomposition of the complex and hence in the liberation of the long-chain molecules as individual units. These units (which form the dispersed stage) are relatively unstable and readily aggregated by, for example, dilute acids. If, however, the complex is not neutralized until some minutes after formation, it is structurally modified to a folded, water-soluble form to an extent dependent on time and concentration of cupri-ethylenediamine. The folded chain has its folds internally cross-linked by hydrogen bonds between pairs of :NH and :CO groups (cf. Buswell, Krebs & Rodebush 1940; Alexander & Rideal 1941) , so th at external intermolecular linking does not readily occur; hence the folded form is less sensitive than is the unfolded form to the effect of external influence such as hydrogen-ion concentration.
The reverse process of insolubilization is effectively demonstrated by the films of water-soluble fibroin. Stretching of a strip of moist film results in an extension to about three times its original length and the simultaneous acquisition of tensile strength and insolubility. I t appears th a t this mechanical stretching results in the unfolding of the folded molecules, which then aggregate in a manner similar to th a t occurring in the natural silk filament; indeed, it is difficult to avoid the con clusion th at the stretching and insolubilization of the moist strip must be akin to what is happening when the silkworm spins its fine filament.
An obvious corollary to the above conclusions is th at the water-soluble fibroin is similar to or identical with the water-soluble protein th at is present in the silk gland and yields the natural silk filament. Soluble fibroin taken directly from the gland is probably invariably contaminated with sericin (the two proteins exist as separate sols in the gland), but descriptions of such preparations given by Meyer & Jeannerat (1939 ), Foa (1912 ), Ongaro (1933 , and others strongly support the Studies on silk proteins 11*2 identity of the regenerated fibroin with the natural, water-soluble product. I t is therefore probable th at the cupri-ethylenediamine treatm ent affords a reversal of the insolubilization process th at occurs during the spinning of fibroin filaments by the silkworm.
The above reversible solubilization of fibroin has an important bearing on the phenomenon of denaturation. According to Neurath, Cooper & Erickson (1942) , the main changes accompanying denaturation are (a) a loss of biological activity, (b) a decrease in solubility, (c) a loss of crystallizability, (d) an apparent increase in the number of specific groups, e.g. thiol, dithio, or phenolic groups, and (e) an increase in the relative viscosity of the solution of a protein and a corresponding decrease in its diffusion constant, indicative of an increase in apparent molecular asymmetry. I t has been shown th at insolubilization of fibroin is attended by an increase in molecular asymmetry. Fibroin has no specific biological activity (in agreement with its function as a building material), whilst the lack of change in available tyrosine groups is probably related to its simplicity of structure (see below). W ith regard to loss of crystallizability, it has been shown th at the watersoluble form can be separated in a form th a t possesses the near-crystal habits of native globular proteins when in an impure state. The above criteria thus afford some justification for regarding the insolubilization of water-soluble fibroin as a process of denaturation. Moreover, it has been shown by various workers th at the optical rotation of proteins increases on denaturation. Thus Young (1922) found th at on denaturation ovalbumin increased in specific rotation from -36-6° to -40-4° and serum-albumin from -78-6° to -89*6°. W ith the aqueous preparations of fibroin, it was noted th at the optical rotatory power is independent of pH and of protein concentration, in agreement with the observations of Barker (1933) on albumin. Barker considered th at 'the optical rotatory power is the only property which at present is known to be suitable for quantitatively characterizing a denatured protein'. I t can be calculated from the values obtained for the 50/50 mixture and the water-soluble preparation th at the water-soluble form has M i? -53-1° and the dispersed form [a]^ -58*9°. There appears to be justification, therefore, in regarding the dispersed form of fibroin (probably identical with the natural silk filament) as denatured fibroin and the water-soluble form (probably identical with the fibroin as it exists in the silk gland) as the renatured or native protein.
The films of water-soluble fibroin give an X-ray diagram of the /?-keratin type, which is not changed by the process of insolubilization induced by stretching. I t follows that the a-/?-keratin transformation described by Astbury is not involved in the process of denaturation of fibroin (see Bailey, Astbury & Rudall (1943) and Neurath et al. (1944, p. 234) ). Note also that, according to Spiegel-Adolf & Henny (1941) , ultra-violet irradiation of serum-albumin causes denaturation without any significant changes in the X-ray picture.
Fibroin, owing to its relative simplicity of structure, appears to represent the ideal example of denaturation. In fact it can be claimed th at denaturation is the main biological function of this silk protein and lends emphasis to the necessity for studying denaturation as a natural phenomenon rather than as an artificial process such as the heat coagulation of ovalbumin. In this connexion, the con version of blood fibrinogen to fibrin appears to be essentially an enzymically controlled process of denaturation and it would be reasonable to designate the soluble protein of the silk gland th a t is the precursor of the filament protein as fibroinogen, in analogy with fibrinogen. B. A possible mechanism for the renaturation of fibroin based on a special conception of its structure The amino-acid composition of fibroin (see table 2) and the general spatial arrangement of the molecule as given by the X-ray investigations of Astbury (1934) and others indicate th a t the protein molecule, as present in the silk fibre, is composed of an extended long chain consisting mainly (over 70 %) of glycine, alanine, serine, and tyrosine residues. The molecular weight of about 33,000 to 34,000 and the mean residue weight of 78 mean th at there are some 420 to 430 residues in the molecule; of these, the less frequent residues are represented by histidine (1), lysine (1), arginine (2), leucine (2), threonine (4) and proline (4). The reactive groups of the molecule are mainly tyrosine (phenolic) hydroxyl and serine (alcoholic) hydroxyl, the number of free amino-and carboxyl groups being very small. This representation of the fibroin molecule is appropriate for the construc tion of the silk filament but affords no information in an understanding of the existence of a water-soluble form. The solubilization of fibroin has been correlated above with a folding of the molecule and, if it is accepted th a t both the insoluble and soluble forms consist of essentially the same polypeptide chain with a definite arrangement of amino-acid residues, it follows th a t this arrangement of aminoacid residues must be such th a t a folding may occur to produce one definite spatial arrangement of the chain. Up to the present, the only theory regarding the dis tribution of the amino-acid residues along the length of the polypeptide chain is th a t of Bergmann & Niemann (1938) . According to this theory, (a) the total num ber of any particular residue or of all the residues in the protein molecule may be expressed as 2W .3O T , where n and m are whole numbers, and (6) the residues are spaced at regular intervals along the molecular chain. W ith regard to (a) the evidence available does not afford unanimous support and it is necessary to accept the hypothesis th at there is some repetition of pattern in the protein molecule. W ith regard to (6), it is reasonable to accept the premise th a t each residue plays an individual or composite part in the physico-chemical and biological properties of the protein molecule of which it is a constituent; in other words, the arrangement of residues in the polypeptide chain is a rigidly defined characteristic of a protein. This view is not in harmony with a theory of periodic distribution of the residues, which greatly restricts the occurrence of any specific function of a residue th at is dependent on the particular location of th at residue in the chain. Thus, according to the Bergmann-Niemann theory, the twenty tyrosine and four proline residues are regularly spaced along the fibroin polypeptide chain, but this is completely negatived by the fact th at limited tryptic digestion splits the molecule into parts the average chain-length of which is nearly one-third of th at of the parent molecule and which contain no proline and only about 1 % of tyrosine. The inference is th at all or most of the tyrosine residues and all four of the proline residues are situated in short parts of the chain at one-third and two-thirds along the length of the chain from one end. This fact, together with the isolation of serylprolyltyrosylproline from fibroin by Abderhalden & Bahn (1932) , point to a special significance of proline in the folding of the chain. Stereochemical considerations show that, where a proline residue is present, the chain must be turned through an angle of about 90° and th at a prolyltyrosylprolyl grouping can produce a complete fold in the chain. If it is assumed th at each of the two tyrosine-rich parts of the chain contain two proline residues, it follows th at the long fibroin chain may fold at these two molecular hinges to give a three-membered grid.
The above theory leads to a tentative explanation of the renaturation of fibroin by cupri-ethylenediamine. In the vicinity of the proline residues, the structure of the fibroin-cupri-ethylenediamine complex may be represented as shown in figure 8 . Since rotation round alternate -CO-CHi?-bonds has to be assumed along the whole chain in order to explain the formation of the complex, it is reasonable to postulate rotations about the -CO-CHJK-bond indicated in figure 8. On constructing a solid model of this part of the chain, it was found, however, th at the two CuEn groups could not be accommodated in this structure. I t was considered th at the molecule could best be stabilized in the folded form by assuming th a t the remaining En is displaced from one of the CuEn radicles, as shown in figure 9 . A solid model of this structure indicated th at the four donating nitrogen atoms were all in one plane (the co-ordination number of copper is six, and the remaining two positions are occupied by water molecules as with cupriethylenediamine itself) and th at a copper atom just fitted into the assigned posi tion. The resemblance of the structure to th at of haemoglobin, chlorophyll, mon astral blue, etc., is noteworthy. The theory now suggested for the solubilization (or renaturation) and insolubilization (denaturation) of fibroin is th at the native or regenerated protein exists as a 3-limbed polypeptide chain th at spontaneously (keeping of the solution) or mechanically (stretching of the moist film) changes into the extended chain. The extended-chain form (referred to above as the dis persed form) initially consists of single molecules th a t aggregate to give insoluble material at a rate dependent on the environmental conditions. This introduces a further aspect of denaturation th at has been the subject of much controversy, viz., the justification for the separation of the processes of denaturation and the subsequent flocculation or coagulation. The above experiments on fibroin support the separation of the two processes, i.e. the denaturation of fibroin refers solely to the unfolding of the folded molecule. The formation of molecular aggregates is a common phenomenon with macro-molecules and there is no reason why protein molecules should not behave as typical members of this class of substances.
Disaggregation results in a dispersal or solubilization of the insoluble aggregate; an example is the production of water-soluble cellulose by Lieser (1940) . Watersoluble fibroin has a t least a tendency to aggregate in a manner similar to the crystallization process of the globular proteins (figure 12, plate 5). A general scheme of these changes may be represented b y : molecular ^single molecules o f^ unfolded or denatured ^aggregate of unfolded aggregate 'r~ native protein protein molecule ' protein molecule and, bearing in mind the data th a t have been obtained for the molecular weights of various proteins under different conditions, it would appear th a t this scheme is of general applicability to proteins. The stability of the water-soluble form of fibroin when its solutions are heated to 100° C is noteworthy; the complete absence of conversion into the denatured form when the protein is heated to 100° C for 10 min. is shown by the constancy of the optical rotation. The marked difference between fibroin and proteins such as ovalbumin is probably due to the comparative simplicity of the structure of fibroin and it is of interest to inquire in a preliminary manner how far the mech anism of denaturation and renaturation of fibroin is applicable to other proteins.
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Chibnall, Astbury and others have concluded th at globular proteins are probably multilaminar in structure, each lamina being formed by the folding backwards and forwards of a single polypeptide chain. The chains th at fall into a plane (the possible number of which is equal to the number of limbs in the lamina) at right angles to the lamina form a 'polypeptide grid' (Astbury), which contains linkings such as dithio. The experimental evidence points to a unilaminar structure for fibroin, the unfolding of which yields a single polypeptide chain, the ideal structure for fibre formation. The assumption of an unfolding mechanism for the multilaminar proteins, however, implies th at a molecular sheet or ribbon is formed, the in dividual polypeptide chains of which are linked by, for example, dithio bonds. True fibre formation would be possible by prior or subsequent rupture of the, dithio and similar linkings and, with respect to blood-fibrinogen, interest in such a possibility is enhanced by consideration of the recent conclusion of Lyons (1945) th at the thrombase system contains a component capable of doing this, together with the earlier observations of B arrett (1920) on the filamentous nature of fibrin. A final point of interest concerns the solubility of the degradation products afforded by enzyme-or acid-hydrolysis of fibroin, a question th at at present is being further investigated. These products, even when as low as 20-peptide, are insoluble in water or dilute acids or alkalis. ' Regeneration ' by the cupri-ethylenediamine method, how ever, gives water-soluble products th at spontaneously revert rapidly to the insoluble form. This process of regeneration cannot involve a folding mechanism but is due merely to a separation of aggregated polypeptide chains, the resulting solution ex hibiting what appeared to be ' coagulation ' unaccompanied by prior denaturation. In addition, the experimental work on fibroin has indicated th at slight degradation of the fibroin molecule, i.e. th at attended by a loss of a few (probably terminal) amino-acid residues, does not prevent denaturation or renaturation. This implies that, at least for fibroin, the process of denaturation is not necessarily restricted to the completely intact or native protein.
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